Optimizing physical activity (PA) in children is paramount to attenuate the incidence of chronic disease and to improve social and cognitive health. Limited research exists examining the observed PA patterns during school leisure times in children from the U.S. The purpose of this study was to examine the observed PA patterns of children during three school leisure times: before school, during lunch, and after school. The SOPLAY instrument was used to observe PA during the three leisure times across six weeks at four elementary schools in the U.S. Observer PA counts were stratified by sex, PA intensity (sedentary, walking, and very active), and leisure time. Multi-level models were employed to examine the effect of leisure time and PA intensity on observer PA counts, adjusting for day and schoollevel clustering. Lunch displayed the greatest number of counts for sedentary, walking, and very active PA intensities (p < 0.001). In boys, a greater number of observer counts in the very active PA intensity were recorded compared to the sedentary intensity before school (β = 10.34, p = 0.04) and during lunch (β = 15.57, p < 0.001). Girls did not display any differences among the PA intensities within before school and lunch leisure times (p > 0.05). After school displayed the fewest counts for walking and very active PA in both sexes (p < 0.05). An emphasis should be placed on increasing walking and very active PA intensities before school and during lunch in girls and after school in both sexes.
Introduction
The benefits of optimal levels of moderate-to-vigorous physical activity (MVPA) are numerous (Armstrong, Tomkinson, & Ekelund, 2011; Blair et al., 1995; Boddy et al., 2014 ), yet less of one-half of children aged 6 to 11 years meet the recommended daily levels (Troiano et al., 2008) . Children and adolescents aged 6 to 17 years are recommended to participate in at least 60 minutes or more of MVPA during the day (U.S. Department of Health and Human Services, 2008) . Optimal MVPA has been linked to decreases in the incidence in chronic disease due to its direct effect on metabolic efficiency and cardiorespiratory function (Boddy et al., 2014) , in addition to improving academic performance by moderating psychological arousal (Castelli, Trudeau, & Shephard, 2010) . Despite these benefits of MVPA, achieving optimal levels is a challenge in elementary school-aged children because the majority of time spent in academic classes is sedentary (Stewart, Dennison, Kohl, & Doyle, 2004) . However, there are opportunities for children to engage in structured or unstructured physical activity (PA) during specific school leisure times including before school, during lunch, and after school.
Numerous research studies have examined PA patterns in school-aged children during physical education and at recess (Fernandes, & Sturm, 2011; Gao, Oh, & Sheng, 2011; Hannon, 2008; Ridgers, Stratton, Fairclough, & Twisk, 2007) , however little research has examined PA behaviors during school leisure times. Leisure time represents a minor proportion of the school day, however it is an important time for children as it allows a break from their academic classes, provides time to socialize with peers, and provides opportunities to participate in active play Stellino, Sinclair, Partridge, & King, 2009) . Participating in active play is particularly important because it is estimated that only 3.8% of elementary schools in the U.S. offer daily physical education (Lee, Burgeson, Fulton, & Spain, 2007) , thus there is limited opportunities to accumulate a significant amount of PA during the school day. This is also considering that children and adolescents tend to participate in more MVPA during school days compared to non-school days (Brusseau et al., 2011) .
Recess has been shown to account from anywhere between 11% and 21% of total daily step counts and up to 40% of the daily MVPA recommendation in children (Ridgers, Stratton, & Fairclough, 2006) . Indeed, McKenzie, Crespo, Baquero, & Elder (2010) found that during recess children had the greatest odds of participating in MVPA. However, the No Child Left Behind Act in the U.S. substantially decreased physical education and recess time by as much as 40 to 50 minutes per week in some school districts (Center on Educational Policy, 2008) . Therefore, the before school, lunch, and after school leisure times are, in many schools, the only available times where a child can engage in active play on a daily basis. It is therefore crucial to maximize PA behaviors during these leisure times, not only to increase health benefits of MVPA, but also to moderate psychological arousal, which can optimize learning and memory retention during academic classes (Harrison, & Narayan, 2003; Shepard, 1997) .
Limited research has focused on the relationships between school day leisure time and PA behaviors in children. A summary of select pertinent studies examining school day physical activity behaviors in children are provided in Table  1 . McKenzie et al. (2010) used systematic observation to show that children were more physically active at lunch and at recess compared to before school. The study provided valuable information regarding the need to increase MVPA behaviors before school in elementary school aged children, but after school PA behaviors were not assessed. After school may provide children additional opportunity to engage in active play (Trost, Rosenkranz, & Dzewaltowski, 2008) , and it is important that comparisons be made to the lunch and before school leisure times, not only to examine the total number of sedentary and MVPA behaviors, but also the relative distribution of PA intensity within each specific leisure time. Therefore, the purpose of this study was to explore the relationships between school day leisure time and PA intensity on daily PA observer counts in elementary school-aged children. It was hypothesized that children would display a greater number of MVPA behaviors during lunch compared to the before and after school leisure times.
Method

Participants
Participants were elementary school-aged children recruited from the K−6 th grades across four elementary schools located in the Mountain West Region of the United States. Students from each of the four schools were observed five times per week, Monday through Friday, for six continuous weeks at three specific leisure times: before school, during lunch, and after school. Students were observed for a total of 30 days per school throughout the Fall semester. The observers visited a total of 360 target areas and recorded a total number of 44 627 PA counts, each count with an associated sex, PA intensity, and leisure time classifier.
Instrumentation
The System for Observing Play and Leisure Activity in Youth (SOPLAY) was used as the instrument to collect PA count data. SOPLAY uses systematic observation methodology via Placheck recording (i.e., Planned Activity Check) to scan target areas for PA behaviors (McKenzie, Marshall, Sallis, & Conway, 2000) . PA behaviors were coded as sedentary (lying down, sitting, or standing), walking, or very active (vigorous; running, jumping, skipping, climbing). The walking and very active intensity categories can be further summed to create a MVPA score. These activity codes have been previously validated using heart rate monitoring and accelerometers (Ridgers, Stratton, & McKenzie, 2010; Rowe, Schuldheisz, & van der Mars, 1997; Saint-Maurice, Welk, Ihmels, & Krapfl, 2011) . Prior to data collection, observers were trained on the SOPLAY instrument by the primary investigator using pre-coded behavioral vignettes on videotape. All trainers were required to meet set criteria to ensure observer reliability using the instrument (ICC > 0.90). 
Procedures
Observations were made in distinct target areas on school grounds during each leisure time. Target areas were potential play areas fully accessible to all students and were not sub-divided for further analysis. Target areas were clean areas (i.e., free of garbage, broken glass, etc.) located outdoors in close proximity to each school's main building. The target Lunch and afternoon recess predicted students meeting daily recommendations areas involved playgrounds (slides, swings, monkey bars, etc.) , open grass fields, and concrete blacktop basketball courts. Target areas were chosen based on the prevalence of children in the play area on the days before the commencement of the study.
Inter-observer reliability was calculated before data collection at each school using videotaped physical activity sessions of children aged 6 to 12 years. Inter-observer intraclass correlations were ICC > 0.80 within each sex-specific intensity level, thus inter-rater agreement was determined to be strong. One trained observer scanned the target area during each specific observation period. The observer scanned each target area for PA behaviors that were coded as sedentary (lying down, sitting, or standing), walking, or very active (running, jumping, climbing, skipping, etc.) . Each scan was made left to right across the target area and separate scans were made for girls and boys. Final counts in PA behaviors during each leisure time at a specific target area included initial PA behaviors in the target area (one initial scan) plus 15 minutes worth of scanning. Each scan was for 5-seconds and each period of observation was 15 minutes in duration. Therefore, each observation period consisted of 180 separate scans.
Before school observations commenced approximately 15 minutes before school. The lunch observations commenced 15 minutes after the start of lunchtime and included three separate lunch periods. To calculate the lunch count for a respective school day, counts within each of the PA intensities were averaged across the three lunch periods. Finally, after school observations commenced 15 minutes after the final school bell. Each scan was sex specific and successive scanning was alternated between girls and boys. Each sex-specific child in the target area was counted only once per scan to account for redundant behavior. If the same child displayed a different behavior during a separate scan, the observer recorded the unique behavior for that respective child. The aforementioned procedures are in accordance to the recommended protocols described in the SOPLAY manual.
Data Analysis
PA count data within each of the PA intensities were screened for outliers using boxplots and checked for Gaussian distributions using histograms. The preliminary analysis included a 2 x 3 Factorial ANOVA test to examine the mean differences between sexes and among PA intensities (sedentary, walking, very active) on observer PA counts. If a statistically significant main effect was found for PA intensity, a Bonferroni post hoc test was employed with the alpha level adjusted using the Bonferroni method.
The primary analysis included using multi-level mixed effects models with random intercepts to examine the differences among leisure times (Level 1) on daily PA observer counts within each specific intensity, adjusting for the clustering by school day (Level 2; leisure times within each day) and school (Level 3; days within each school). The before school leisure time was the referent for all comparisons. This analysis yielded three separate models, one for each of the PA intensities.
A secondary analysis was employed using multi-level mixed effect models with random intercepts to examine the effect of PA intensity (Level 1) on PA observer counts within each specific leisure time, adjusting for day (Level 2) and school-level clustering (Level 3). Separate models were examined for girls and boys to control for a possible modifying effect. Sedentary behavior was the referent for all comparisons. This analysis yielded six separate models, one for each sex within each of the leisure times. For each of the aforementioned models, the day cluster represented each individual day of observation across the 30-day observation period at each school. The school level was each individual school observed in this study. Parameter estimates were calculated using unstructured covariance among the random effects and a maximum likelihood estimate. Alpha level was set at p ≤ 0.05 and all analyses were performed using STATA v13.0 statistical software package (College Station, TX, USA).
Results
The descriptive data for average PA counts per school day within each of the PA intensities and leisure times for girls and boys are presented in Table 2 and Table 3 , respectively. Preliminary analyses examining sex and leisure time differences on PA counts did not reveal any statistically significant main effects for sex (F(1, 418) = 0.02, p = 0.90) but did reveal a statistically significant main effect for leisure time (F(2, 418) = 316.44, p < 0.001). Post hoc tests revealed that lunch had a greater average daily PA count than before school (Mean ∆ = 30.14, p < 0.001) and after school (Mean ∆ = 49.13, p < 0.001), but there were no statistically significant differences in average daily PA counts comparing the before and after school leisure times (p = 0.239). Table 4 (See Appendix 1) shows the final fixed effects model solution for the leisure time slope parameter, stratified by PA intensity. Lunch displayed a greater number of PA counts in sedentary, walking, and very active PA compared to before school (p < 0.001). After school displayed fewer counts in sedentary and walking PA compared to before school (p < 0.001).
When examining the distribution of PA intensity counts within each of the leisure times, boys displayed a greater number of very active PA counts compared to sedentary counts before school (β =10.34, p = 0.04) and at lunch (β = 15.57, p < 0.001). Girls did not display significant differences in PA intensity counts before school or during lunch (p > 0.05). Therefore, only boys tended to display higher levels of MVPA compared to sedentary behaviors before school and at lunch. Both sexes displayed a fewer number of walking and very active PA counts compared to sedentary counts during the after school leisure time (p < 0.05; see Table 2 and Table 3 ). Description: Bold denotes statistically significant differences compared to sedentary (referent) within each leisure time.
Discussion
The purpose of this study was to examine the differences among school day leisure times and PA intensity levels on daily observer PA counts in elementary school-aged children. The results show that the lunch leisure time displayed the greatest number of sedentary, walking, and very active behaviors compared to the other leisure times. Additionally, boys tended to display a greater number of very active PA counts compared to sedentary counts before school and during lunch, while girls did not display significant differences in PA intensity counts before school or during lunch. The after school leisure time yielded significantly fewer walking and very active observer counts compared to sedentary in both sexes. This study expands on the research conducted by McKenzie et al. (2010) , including after school as a segmented leisure time and adjusting for the clustering effects of school day and school on the parameter estimates. The results support previous studies suggesting that the most active leisure time, outside of recess, during the day for children is during lunch (McKenzie et al., 2000; McKenzie et al., 2010) , and that girls tend to display fewer MVPA patterns compared to boys (Howe et al., 2011) . Lack of MVPA behaviors during school leisure time limits the odds of a child meeting recommended daily PA levels. Reasons why children displayed limited MVPA behaviors during the after school leisure time are multi-faceted and should be explored with additional research.
Of the three leisure times examined in this study, after school tended to display the fewest counts of walking and very active PA behaviors compared to before school and lunch. After school is a transition time for most children to break from their academic classes and wait for their transportation (e.g., buses, car pools, etc.) to their homes or after school programs. Despite an opportunity for these children to engage in active play during this transition period (Beets, Huberly, & Beighle, 2012) , few children actively participated in the target areas. Many children may have already been transported off campus or were waiting within school buildings for their transportation; therefore engaging in the observed target areas was either restricted or not desirable because other children were not in the play area. A possible strategy to increase PA during the after school leisure time is to have faculty or staff organize structured or semistructured play while children are waiting for their transportation. This will inherently increase their daily activity levels and make the after school leisure time more enjoyable for some children, especially those who have extended wait times.
Approximately 56% of all public elementary schools have reported on-site after school programs (Parsad, & Lewis, 2009) . The number of children in after school programs may continue to rise given that there is a growing number of households in which both parents work. This phenomenon coupled with the decreases in PA opportunities during the school day for children increases the need for effective health-based after school programs. Several interventions have shown effectiveness on increasing MVPA in after school settings, however limitations to these interventions is staff turnover and training, as it has been demonstrated that the efficacy of PA and nutritional intervention programs is correlated with the quality of staff training. Therefore, it is important that schools recognize staff as more than just "babysitters" when attempting to implement PA interventions during specific leisure times and provide proper training to ensure optimal implementation of school PA programs.
Before school also displayed compromised MVPA behaviors compared to lunch. Before school is another transition leisure period for elementary school-aged children. Many of the behaviors displayed during this time period were sedentary as children were waiting for the first class period to commence. The results from this study support previous research showing a lack of MVPA behaviors before school (McKenzie et al., 2000; McKenzie et al., 2010) . PA before school is important as it will not only increase daily PA levels and energize students for the day ahead, but also research has shown that MVPA has an acute psychological effect by moderating arousal that can optimize focus and memory retention needed for learning in the classroom (Budde, Voelcker-Rehage, Pietrabyk-Kendziorra, Ribeiro, & Tidow, 2008; McNaughten, & Gabbard, 1993; Molloy, 1989) ). Additionally, many students who display significant levels of off-task behavior in the classroom due to hyperactivity may find improvement in increasing their on-task behaviors with optimal levels of MVPA before school hours (Mahar et al., 2006) .
Previous research has identified effective strategies to increase PA before school. One effective strategy is to include "energizer" or "drop-in" activities, where teachers use structured play for 10 to 15 minutes before the first class period of the day. These activities can incorporate academic content but the goal is to increase MVPA behavior using enjoyable group oriented play activities for children. Allowing access to playground and play areas is also an effective strategy to increase PA before school. These areas may be restricted before the school day because of a lack of supervision. If schools can allow access to these play areas by including a faculty or staff supervisor on site, children will have more opportunity to participate in active play.
Even though lunch displayed the greatest number of walking and very active behaviors during any other school leisure time, there were still a significant number of displayed sedentary behaviors. School lunch normally incorporates mealtime and playtime in many elementary schools. Students have the opportunity to engage in unstructured active play following their lunchtime meal, however many students do not take advantage of this opportunity and remain in sedentary behavior for the duration of the leisure time. A strategy to possibly attenuate the excess sedentary behaviors seen during lunch is to provide options for children to engage in either structured or unstructured play. As stated previously, structured play is shown to increase MVPA compared to unstructured play during recess in elementary school-aged children (Howe, Freedson, Alhassan, Feldman, & Osganian, 2011; Scruggs, Beveridge, & Watson, 2003) . Structured activities, led by a school faculty or staff member, may increase PA participation and enjoyment in children. Another strategy to increase PA behaviors would be providing additional play equipment during lunchtime. Previous studies have shown that various types of play equipment such as balls, jump ropes, hula-hoops, etc. significantly increase MVPA behaviors in children during school leisure times (Farley, Meriweather, Baker, Rice, & Webber, 2007; Gubbles, Van Kann, & Jansen, 2012) . Providing additional equipment during lunch is an effective strategy to provide children options for engaging in healthy PA behaviors to increase their overall daily PA levels.
Numerous research studies have shown that boys are more physically active than girls and that girls tend to spend more time in sedentary behaviors than boys during school leisure time (Beighle et al., 2006; Sarkin, McKenzie, & Sallis, 1997) . This trend was supported in this study by showing that boys tended to display a greater number of very active PA counts relative to sedentary counts before school and at lunchtime, while girls did not display any differences between very active and sedentary behaviors before school or during lunch. A strategy to possibly increase MVPA in girls is by providing sex-specific structured activities, led by a school faculty or staff member, which may increase PA participation and enjoyment during leisure time. Another strategy may be to provide gender-specific equipment during leisure time. Previous studies have shown that various types of play equipment such as balls, jump ropes, hula-hoops, etc. significantly increase MVPA behaviors in children (Farley et al., 2007; Gubbles, Van Kann, & Jansen, 2012) . Providing gender-specific equipment during leisure time is an effective strategy to provide girls and boys appealing options for engaging in healthy active play.
Limitations to this study must be considered before any generalizations can be made. Schools observed in this study were from the Mountain West region of the US and data were collected across 30 days during the Fall semester, therefore the external validity of the results is questionable when compared other geographical regions, during Spring semester, or using longer periods of observation. Additionally, PA data were collected using a systematic observation instrument (SOPLAY); therefore the information pertaining to intensity of PA may not be as valid compared to more objective methods of measurement such as accelerometers. Although objective methods of PA such as pedometers and accelerometers are valid indicators of behaviors, they are often cumbersome to administer to large population samples. Systematic observation has the benefit of observing large number of groups of individuals (e.g. student bodies) in distinct settings and time periods (e.g. at a specific play area before school). Validated systematic observation instruments, such as SOPLAY, have been used extensity in PA surveillance research and the codes for PA intensity have been validated using heart rate monitoring and accelerometers in children and adolescents. Finally, PA systematic observation scanning occurred for exactly 15 minutes before school, during lunch, and after school. Therefore, total PA behaviors during these leisure times, including behaviors prior to and following observer scanning, may have been misrepresented. However, 15 minutes of scanning for systematic observation represented a significant proportion of each specific leisure time, therefore it is believed that the representations of PA behaviors were valid.
Conclusion
In conclusion, lunch displayed the greatest number of sedentary, walking, and very active PA counts compared to the other school leisure times. Boys tended to display a greater number of very active PA counts compared to sedentary PA counts before school and at lunch. Girls did not display significant differences in PA intensity counts before school or during lunch. MVPA behaviors were compromised after school in both sexes. An emphasis should be placed on increasing MVPA behaviors before school and during lunch in girls and after school in both sexes. Other important school segments such as PE should strive to increase PA behaviors to compensate for lower PA before and after school hours.
